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2 SRGM 3 [8]
(Al)
(A2)
2 $Pr\{S\leq s, U\leq u\}\equiv F(s, u)=\int_{0}^{s}\int_{0}^{u}f(x, y)dxdy$
$S$ $U$
$f(x, y)$ $Pr\{A\}$ $A$
(A3) ( ) $N_{0}$
$\{N(s, u), s\geq 0, u\geq 0\}$ $s$ $u$
2 : $(A1)\sim(A3)$ $(s, u)$ $m$
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1:
2
$Pr\{N(s, u)=m\}=\sum_{n}(\begin{array}{l}nm\end{array})\{F(s, u)\}^{m}\{1-P(s, u)\}^{n-m}\cross Pr\{N_{0}=n\}$
$(m=0,1,2, \cdots)$ , (1)
(1) $N_{0}$ $\omega(>0)$ (1)
$Pr\{N(s, u)=m\}=\sum_{n}(\begin{array}{l}nm\end{array})\{F(s, u)\}^{m}\{1-P(s, u)\}^{n-m}\frac{\omega^{n}}{n!}\exp[-\omega]$
$= \frac{\{\omega F(s,u)\}^{m}}{m!}\exp[-\omega F(s,u)]$ , (2)




$\{\begin{array}{l}M_{i}=\alpha_{s}(X_{i}), C_{i}=\alpha_{s}(Z_{i}),K_{i}=\alpha_{u}(Y_{i}), D_{i}=\alpha_{u}(W_{i}).\end{array}$ (3)
$\alpha_{s}$ $()$ $\alpha_{u}$ $()$ [9]
2 1
267
$\tau=\{\tau_{s},\tau_{u}\}(0<\tau_{s}<s_{e}, 0<\tau_{u}<u_{e})$ $s_{e}$ $u_{e}$
:
$R=\alpha Q$ . (4)
(4) $R$ $Q$




$(x_{0}, y_{0})_{)}(x_{1}, y_{1}),$ $(x_{2}, y_{2}),$ $\cdots,$ $(x_{n)}y_{n})$
$0<x_{1}<x_{2}<\cdots<x_{n}\leq\tau_{s}$ $0<y_{1}<y_{2}<\cdots<y_{n}\leq$
$(0, s]\cross(0, u](s\leq\tau_{s}, u\leq\tau_{u})$
$\Lambda_{B}(s, u)$ 2 NHPP $(\tau_{s}, \tau_{u})$
$n+1$ $(M_{1}, K_{1})$
$Pr\{M_{1}>s, K_{1}>u\}=\frac{Pr\{X_{n+1}>\tau_{s}-x_{n}+s/\alpha_{s},Y_{n+1}>\tau_{u}-y_{n}+u/\alpha_{u}\}}{Pr\{X_{n+1}>\tau_{s}-x_{n},Y_{n+1}>\tau_{u}-y_{n}\}}$ . (5)
$Pr\{M_{1}>s, K_{1}>u\}=\exp[-\Lambda_{B}(\tau_{s}+s/\alpha_{s}, \tau_{u}+u/\alpha_{u})+\Lambda_{B}(\tau_{s}, \tau_{u}+u/\alpha_{u})$




$- \Lambda_{B}(\tau_{s}+\frac{s-\tau_{s}}{\alpha},\tau_{u})+\Lambda_{B}(\tau_{s},\tau_{u})$ . (7)
2





$u_{e}$ ( ) $(s_{e}, s_{e}+\eta]$
268
$\subset 0$
2: 2 $(\tau_{s}=6, \tau_{u}=12.89)$
$(s_{e}\geq 0, \eta\geq 0)$
(1) #
$R(\eta|s_{e}, u_{e})$
$= \sum_{k}Pr\{N(s_{e}+\eta, u_{e})=k|N(s_{e}, u_{e})=k\}\cdot Pr\{N(s_{e}, u_{e})=k\}$
$= \sum_{k}[\{F(s_{e}, u_{e})\}^{k}\{1-F(s_{e}+\eta, u_{e})\}^{-k}\cdot\sum_{n}(\begin{array}{l}nk\end{array})\{1-F(s_{e}+\eta, u_{e})\}^{n}\cdot Pr\{N_{0}=n\}]$ , (9)
(9) $N_{0}$ $\omega(>0)$
$R(\eta|s_{e}, u_{e})=\exp[-\{\Lambda(s_{e}+\eta, u_{e})-\Lambda(s_{e}, u_{e})\}]$ . (10)
$M(s, u)\equiv E[\overline{N}(s, u)]$
$=E[N(\infty, \infty)-N(s, u)]$
$=$ A $(\infty, \infty)-\Lambda(s, u)$ . (11)
4
19
$(s_{k}, u_{k}, y_{k})(k=0,1,2,$ $\cdots,$ $19;t_{19}=19(weeks),$ $s_{19}=47.65(CPU$ hours), $y_{19}=328)[10]$
$a$ , $b$ $z$ Gumbel
[11]:
$F(s, u)=(1-e^{-as})(1-e^{-bs})(1+ze^{-as-bu})$ $(a>0, b>0, -1\leq z\leq 1)$ , (12)
$\alpha_{s}=\alpha_{u}=\alpha$
$\omega,$ $a,$ $b,$ $z$ , $\alpha$ : $\hat{\omega},$ $\hat{a},$ $\hat{b},$ $\hat{z}$, $\hat{\alpha}$
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$0$ 01 02 03 O4 05 06 O7 08 O9 1
OperatPn Tlme (number of weeks)
3: $(\tau_{s}=6, \tau_{u}=12.89)$
4: $\overline{M}(s, u)$






3 $\hat{R}(\eta|19$ ,47.65 $)$ 3
0.3 $\hat{R}(0.3|19,47.65)\approx 0.036$








[1] J.D. Musa, “A theory of software reliability and its application,” IEEE Tmns. Soft. Eng., Vol. SE-1,
No. 3, pp. 312-327, 1975.
[2] J.D. Musa, D. Iannio, and K. Okumoto, Software Reliability: Measurement, Prediction, Application.
McGraw-Hill, New York, 1987.
[3] 1994.
[4] H. Pham, Software Reliability. Springer-Verlag, Singapore, 2000.
[5] NHPP
vol. $J$ 89-D, no. 8, pp. 1684-1694, 2006.
[6] S. Inoue and S. Yamada, “A framework for two-dimensional software reliability modeling with program
size,” Proc. 14th ISSAT Intern. Conf. Reliability and Quality in Design, 2008, pp. 198-202.
[7] M. Zhao, “Change-point problems in software and hardware reliability,” Commun. Statist. –Theory
Meth., Vol. 22, No. 3, pp. 757-768, 1993.
[8] N. Langberg and N.D. Singpurwalla, “A unification of some software reliability models,”SIAM $J$.
Scien. Comput., Vol. 6, No. 3, pp. 781-790, 1985.
[9]
vol. J83-A, no. 3, pp. 294-301, 2000.
[10] M. Ohba, “Software reliability analysis models,” IBM J. Res. Dev., vol. 28, no. 4, pp. 428-443, 1984.
[11] E.J. Gumbel, “Bivariate exponential distributions,” J. Amer. Statist. Assoc., no. 55, pp. 698-707,
1960.
271
